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@ The object of the invention is to provide a zinc 
antimonate anhydride and a production method 
thereof. The invention relates to a particle having a 
ZnO/Sb205 molar ratio in a range of from 0.8 to 1.2, 
a crystal structure of zinc antimonate anhydride 
(Znsb2 0s), and a primary particle size in a range of 
from 5 to 500 nm. The production method of these 
particles comprises the steps of mixing a zinc com- 
pound with a colloidal antimony oxide at a 



ZnO/Sb2 05 molar rate in a range of from 0.8 to 1.2. 
followed by calcining the mixture within a tempera- 
ture range of from 500 to 1100'C. The particles of 
this invention are applicable as a flame retardant for 
plastics, a smoke suppressant, antistatic agent for 
plastics and glasses, and resistor. 
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BACKGROUND 

The present invention relates to a particle hav- 
ing a molar ratio of ZnO/Sb2 05 in a range of from 
0.8 to 1.2, having a crystal structure of zinc an- 
timonate anhydride (ZnSb2 06) and a primary par- 
ticle size in the range of from 5 to 500 nm, and to 
a sol of these particles and a method for producing 
these particles and sol. The particle of the present 
invention is used in a variety of applications such 
as flame retardants for plastics, smoke suppres- 
sants, antistatic agents for plastics and glass, and 
resistors. 

Acta Chemica Scandinavia, A, Vol. 29, pp. 803- 
809 (1975) discloses a zinc antimonate (ZnSb2 06) 
prepared by heating zinc oxide and diantimony 
trioxide to 800 'C at a time scale of 4 hours to 3 
weeks, by pulverizing the heated mixture, anneal- 
ing the pulverized mixture at a temperature ranging 
from 900 to 1,000 "C at a time scale of 4 hours to 
2 weeks, and gradually cooling the annealed mix- 
ture to room temperature. Zeitschrift fuer Kristallog- 
raphite. Vol. 98, pp 185-190 (1987) presents ob- 
servation data of X-ray diffraction of zinc anti- 
monate anhydride {Zn(Sb03)2}. American Mineral- 
ogist. Vol. 40, pp 64-69 (1955), and Geological 
Society of America Memoir, Vol. 85, pp. 209 (1962) 
present observation data of X-ray diffraction of zinc 
antimonate anhydride (ZnSb2 0e, Ordonezite). 

JP-A-3-267143 (the term "JP-A-" referred to 
hereinafter signifies "unexamined Japanese patent 
publication") discloses a composition consisting of 
zinc oxide and diantimony pentoxide which was 
prepared by mixing an acidic aqueous sol of dian- 
timony pentoxide and basic zinc carbonate at a 
molar ratio of ZnO/Sb205 in a range of from 0.5 to 
10 to form a uniformly dispersed slurry, performing 
decarbonation of the basic zinc carbonate in the 
slurry at a temperature range of from 50 to 100'C 
to a molar ratio of COs/ZnO In a range of from 1/5 
to 1/500, and by drying the slurry in a temperature 
range of from 1 50 to 250 • C. 

The method disclosed in Acta Chemica Scan- 
dinavia described above produces zinc antimonate 
anhydride by mixing zinc oxide and diantimony 
trioxide and by calcining the mixture. The particle 
size of the obtained zinc antimonate anhydride is. 
however, not given in the description. Since or- 
dinary diantimony trioxide has a large primary par- 
ticle size, the primary particle size of zinc an- 
timonate anhydride obtained by this method is 500 
nm or more. Accordingly, when particles of this 
type are used as a flame retardant or smoke sup- 
pressant, they do not provide a completely sat- 
isfactory effect. In addition, particles of this type 
have the disadvantage of not providing a sol even 
by pulverizing, because of their large primary par- 
ticle size. The method disclosed in JP-A-3-267143 



employs a low calcining temperature so that the 
product has a primary particle size of 500 nm or 
less. Nevertheless, X-ray diffraction measurement 
shows a peak of diantimony pentoxide and not a 
5 peak of zinc antimonate anhydride. Consequently, 
the product thereof is not zinc antimonate anhy- 
dride. 

The present invention provides a particle hav- 
ing a molar ratio of ZnO/SbaOs in a range of from 
10 0.8 to 1.2, a crystal structure of zinc antimonate 
anhydride (ZnSb2 06) and a primary particle size in 
the range of from 5 to 500 nm, relates to a sol of 
these particles and a method for producing these 
particles and their sol. 

T5 

SUMMARY 

The particle of the present invention has a 
molar ratio of ZnO/Sb2 05 in the range of from 0.8 

20 to 1.2, a crystal structure of zinc antimonate anhy- 
dride (ZnSbaOe), and a primary particle size in the 
range of from 5 to 500 nm. 

The production method of the particles of the 
present invention is characterized by mixing a zinc 

25 oxide and a colloidal antimony oxide at a molar 
ratio of ZnO/SbsOs in a range of from 0.8 to 1.2, 
followed by calcining the mixture in a temperature 
range of from 500 to 1 ,1 00 ' C. 

According to the production method of the par- 

30 tides of the present invention, when the colloidal 
antimony oxide is an antimony oxide sol, it is 
mixed with a zinc compound, and the mixture is 
dried and calcined at a temperature ranging from 
500 to 1,100* C to obtain the required particles. 

35 The zinc compound used in the present inven- 

tion is one zinc compound or more selected from a 
group of zinc hydroxide, zinc oxide, a zinc salt of 
inorganic acid, and a zinc salt of organic acid. 

Examples of a zinc salt of inorganic acid are 

40 zinc carbonate, basic zinc carbonate, zinc nitrate, 
basic zinc nitrate, zinc chloride, basic zinc chloride, 
zinc sulfate, and basic zinc sulfate. Examples of a 
zinc salt of organic acid are zinc formate, zinc 
acetate, zinc oxalate, and basic zinc oxalate. These 

45 zinc compounds are available as commercially 
available industrial chemicals. However, when zinc 
hydroxide or zinc oxide is used, it is preferable to 
use those having a primary particle size of 500 nm 
or less, and to use zinc hydroxide powder, zinc 

50 oxide powder, zinc hydroxide sol or zinc oxide sol 
having a particle size in the colloidal range. It is 
more preferable still to use a salt having an acid 
radical which volatilizes during calcining, a car- 
bonate, a nitrate or a salt of organic acid. Those 

55 compounds may be used in an alone or a mixture. 

The colloidal antimony oxide used in the 
present invention has a primary particle size of 300 
nm or less, and examples of a compound thereof 
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are diantimony pentoxide sol, hexantimony 
tridecoxide sol, diantimony tetroxide hydrate sol. 
and colloidal diantimony trioxide. Diantimony pen- 
toxide sol may be prepared by a known method, 
including a method for oxidizing diantimony trioxide 
(disclosed in JP-B-57-11848) (the term "JP-B-" re- 
ferred to hereinafter signifies "Examined Japanese 
Patent Publication"), a method of de-alkalizing al- 
kali metal antimonate by means of an ion exchange 
resin (disclosed in USP 4110247), and a method 
for treating sodium antimonate by means of an acid 
(disclosed in JP-A-60-41 536, JP-A-62-1 821 1 6). 
Hexantimony tridecoxide sol may be prepared by a 
method for oxidizing diantimony trioxide (disclosed 
in JP-A-62-1 25849), and diantimony tetroxide hy- 
drate may also be prepared by a method for oxi- 
dizing diantimony trioxide (disclosed in JP-A-52- 
21298). Colloidal diantimony trioxide may be pro- 
duced by a vapor phase process (disclosed in JP- 
B-61-3292), The antimony oxide sol used in this 
invention preferably has a primary particle size 
ranging from 2 to 200 nm and is preferably an 
acidic sol containing no base such as sodium or 
amine. Antimony oxide sol may use that which 
contains an antimony oxide (Sb2 05. Sb6 0i3, or 
SbaO*) at a concentration of from 1 to 60 wt.%, 
and the sol may be dried by a vacuum drying 
method or a freeze drying method to be used as a 
dried product of antimony oxide sol. The colloidal 
antimony oxide is available as a commercial indus- 
trial chemical in a form of diantimony pentoxide 
sol, diantimony pentoxide powder or diantimony 
trioxide ultrafine powder. 

Mixing of the above-described zinc compound 
and antimony oxide sol may be conducted in a 
temperature range of from 0 to 100*C for a mixing 
time ranging from 0.1 to 30 hours using a Satake 
agitator, Pfaudler agitator, disper mill, or the like. 
Mixing of the zinc compound with the dried an- 
timony oxide sol or the colloidal diantimony trioxide 
may be performed using a mortar, a V-shape mix- 
er, a Henschel mixer, a ball mill or the tike. 

In the present invention, it is preferable to mix 
the zinc compound with the antimony oxide sol or 
a dried product thereof, or with the colloidal dian- 
timony trioxide at a molar ratio of ZnO/Sb2 05 in a 
range of from 0.8 to 1.2. According to the present 
invention, the drying procedure of the above-de- 
scribed mixture (slurry) of zinc compound and an- 
timony oxide sol may be performed at 500 or 
below using a spray drier, a drum drier, a box hot 
air circulation drier, a vacuum drier, or a freeze 
drier. Also, the slurry may be dried by separating 
the cake using a suction filtration unit, a centrifugal 
filtration unit or a filter press, or further by remov- 
ing soluble impurities (such as SO^, which is hard 
to volatilize during calcining) by pouring a pure 
water from the starting materials at need to form a 



wet cake, and by drying the cake within a tempera- 
ture range of from room temperature to 500 *C 
using a box drier or other type of drier described 
above. The drying procedure is preferably con- 

5 ducted at 300 'C or below in consideration of the 
characteristics of the drier or operation employed. 

According to the present invention, the cal- 
cining of the dried mixture of the above-described 
zinc compound and antimony oxide or the mixture 

10 of the above-described zinc compound and dried 
antimony oxide sol or colloidal diantimony trioxide 
is conducted within a temperature range of from 
500 to 1,100 "C, preferably in a range of from 500 
to 900 °C, for 30 minutes to 50 hours or preferably 

75 for 2 to 20 hours. This calcining provides the 
particles of the present invention by means of a 
solid phase reaction. 

The particle of the present invention becomes 
a white to bluish green color, depending on cal- 

20 cining conditions. 

The particle obtained by the method of the 
present invention was analyzed by X-ray dlffrac- 
tometry. This analysis showed an X-ray diffraction 
peak Identical to that of antimony oxide (ZnSb2 06 

25 for ASTM No. 3-0455, and Zn(Sb03)2 for ASTM 
No. 11-214) described in ASTM (Index to the X-ray 
Powder Data File Inorganic) and no X-ray diffrac- 
tion peak of zinc oxide or diantimony pentoxide 
anhydride, determining that the particle had the 

30 structure of ZnSbaOs. However, for a calcining 
temperature range of from 500 to 680 • C, the X-ray 
diffraction peak occurred at the lower diffraction 
angle side of the peak described in ASTM, which 
suggested that the particle had an open structure. 

35 The peak diffraction angle of the X-ray diffraction 
peak in the case of a calcining temperature of 
680 ' C or above also matched the value described 
in ASTM. A differential thermal analysis (DTA-TG) 
of the particle of this invention confirmed that the 

40 particle showed no weight loss within a tempera- 
ture range of room temperature to 1,000'C, and 
that the particle had a crystal structure of zinc 
antimonate anhydride having no crystal water. 

Observation of the particle of the present in- 

45 vention under a transmission electron microscope 
confirmed that the particle had a primary particle 
size of from 5 to 500 nm and that the particle was 
colloidal fine particle. The primary particle size 
specified in this invention means the diameter of a 

50 single particle in a non-aggregated state. 

The inventors found a surprising fact in that the 
particle of this invention obtained by calcining with- 
in a temperature range of from 500 to 680 • C show 
a resistivity ranging from 0.1 KQ to 1 MQ and 

55 electric conductivity by way of electron conduction. 

Since the particles obtained by this invention 
showed a very slight sintering effect during cal- 
cining, they are easily pulverized to 2 um or less 
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even when they are in a aggregated state employ- 
ing a dry powdering process such as that using a 
Jet-O-Mizer, a pin-disc mill, or a ball mill. Also, the 
particles of this invention can easily form an aque- 
ous sol or an organic solvent sol by wet-pulveriza- 
tion in water or an organic solvent using a sand 
grinder, a ball mill, a homogenizer, a disper, or a 
colloid mill. It was confirmed that the particle of this 
invention formed no zinc antimonate hydrate even 
when pulverized and heated in water, and that they 
maintained the crystal structure of zinc antimonate 
anhydride. 

When the particles of this invention are sub- 
jected to wet-pulverization to form an organic sol- 
vent sol containing dispersed particles, the sol may 
be stabilized by adding, at need, an alkyi amine 
such as ethylamine, propylamine, isopropylamine, 
or diisobutylamine, an alkanolamine such as 
triethanolamine or monoethanolamine, a diamine 
such as ethylenediamine, or an hydroxy-carboxyltc 
acid such as lactic acid, tartaric acid, malic acid, or 
citric acid. An alcohol such as methyl alcohol, ethyl 
alcohol, propyl alcohol, or butyl alcohol, a glycol 
such as ethyleneglycol, diethyleneglycol, or hex- 
yleneglycol. a cellosolve such as ethylcellosolve or 
propylcellosolve, and an amide such as dimethyl- 
formamide or dimethylacetamide may be used as 
an organic solvent. The particle size in the above- 
described aqueous sol or organic solvent sol is 500 
nm or less. 

DRAWINGS 

These and other features, aspects and advan- 
tages of the present invention will become better 
understood with reference to the following descrip- 
tion, appended claims and accompanying draw- 
ings, wherein 

FIG. 1 is a photograph of particles prepared in 
Example 5, taken by a transmission electron 
microscope with a magnification of 200,000. 
FIG. 2 is an X-ray diffraction spectra of the 
particles prepared in Example 5. 
FIG. 3 is a photograph of particles prepared in 
Example 6. taken by a transmission electron 
microscope with a magnification of 200,000. 
FIG. 4 is an X-ray diffraction spectra of the 
particles prepared in Example 6. 

DESCRIPTION 

Regarding the production of the particles of the 
present invention, when the molar ratio of 
ZnO/Sb2 05 is less than 0.8 some non-reacted an- 
timony oxide remains in the product mixture to 
form an undesirable mixture of zinc antimonate 
anhydride and antimony oxide. When the molar 
ratio of ZnO/Sb2C>5 exceeds 1.2, the product be- 



comes a mixture of zinc antimonate (2nSb2 06) and 
zinc antimonate (Zn7Sb2 0i2), which Is also un- 
desirable. 

According to the invention, the mixing time of 

5 zinc compound and colloidal antimony oxide is in a 
range of from 6 minutes to 30 hours. Although a 
time of less than 6 minutes may not itself be 
undesirable, there is the possibility that mixing may 
be insufficient. Also, although a mixing time of 

10 longer than 30 hours may be acceptable, such a 
production time is longer than required and con- 
sequently inefficient. The mixing temperature range 
is from 0 to 100'C, below O'C being unfavorable 
owing to the freezing of antimony oxide sol. The 

75 temperature range can exceed 100'C, but when 
using antimony oxide sol there is a limitation on 
production equipment such as the need to use an 
autoclave etc. 

In this invention, the calcining temperature of 

20 the dried mixture of zinc compound and antimony 
oxide sol, or the mixture of zinc compound with 
dried antimony oxide sol or with colloidal dian- 
timony trioxide is in a range of from 500 to 
1100'C. When the temperature is below 500 'C, 

25 since a solid phase reaction does not occur and 
the particles of the present invention are not pro- 
duced, this is unfavorable. When the temperature is 
above 1100°C, volatilization of the diantimony pen- 
toxide tends to occur during the calcining step, and 

30 coarse particles tend to occur by sintering, there- 
fore this is also unfavorable. 

Production of a sol as a starting material 

35 Production Example I 

2630 grams of sodium antimonate was dis- 
persed in 12000 grams of water, and 2570 grams 
of 35% HCI was added to the mixture under agita- 
to tion, the mixture then being heated to 30 'C for 3 
hours to cause the components to react. The yield- 
ed slurry of diantimony pentoxide gel was filtered 
by suction, poured 15000 grams of a 3.5% HCI 
aqueous solution, and further poured 54000 grams 
45 of water to rinse it. The obtained 2880 grams of 
diantimony pentoxide wet cake was dispersed in 
10250 grams of water. 96 grams of 85% phos- 
phoric acid was added to the suspension, which 
was then heated to 80 'C for 2 hours to perform 
50 peptizing. The resultant sol had properties such as 
a specific gravity of 1.132, a pH value of 1.75, 
viscosity of 2.3 c.p., Sb2 05 content of 12.8 wt.%, 
P2O5 of 0.45 wt.%, and NazO of 0.02 vy^.%. The 
particles in the sol were observed under a trans- 
55 mission electron microscope as having a particle 
size ranging from 10 to 20 nm, and the specific 
surface area thereof was determined by BET meth- 
od to be 105 m^/g. 
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Production Example II 

1300 grams of Diantimony trioxide (produced 
by Mikuni Seiren Co., Ltd.) was dispersed in 5587 
grams of water, and 953.7 grams of 35% hydrogen 
peroxide aqueous solution was added to the mix- 
ture, which was then heated to 90 to 100'C to 
cause the components to react for 2 hours to 
obtain diantimony pentoxide sol. The obtained sol 
exhibited a specific gravity of 1.198, a pH value of 
1.80, viscosity of 19.5 c.p., and Sb2 05 content of 
18.4 wt.%. The particles in the sol were observed 
under a transmission electron microscope as hav- 
ing a particle size in of from 20 to 30 nm, and the 
specific surface area was determined by BET 
method to be 55.0 m^/g. 

Embodiment 1 

1500 grams of water was added to dilute the 
6000 grams of diantimony pentoxide sol (specific 
gravity of 1.132, Sb205 content of 12.8 wt.%) pre- 
pared in Production Example I. The mixture was 
then heated to 85 'C. Then, 276 grams of basic 
zinc carbonate (SZnCOa •4Zn(OH)2, produced by 
the Sakai Chemical Industry Co., Ltd. and contain- 
ing 70 wt.% when converted to ZnO) was added to 
the mixture under agitation. The mixture was fur- 
ther heated to 92 'C and agitated for 4.5 hours to 
prepare a slurry. The slurry contained 2.48 wt.% of 
ZnO and 9.87 wt. % of Sb2 05 and exhibited a 
ZnO/Sb2 05 molar ratio of 1.0. The slurry was then 
evaporated in a hot air circulation dryer at 150'C 
to obtain a dried product. The dried product was 
analyzed by X-ray diffractometry, and it was found 
that the peak thereof matched the peak of dian- 
timony pentoxide hydrate (Sb2 05xH2 0). The dried 
product was powdered in a mortar, and the re- 
sulted powder was calcined to 700 • C in an electric 
furnace for 4 hours. The obtained white gray pow- 
der was analyzed by X-ray diffractometry, and it 
was confirmed that the peak thereof matched the 
peak of zinc antimonate anhydride (ZnSb2 06). The 
powder was powdered by a Jet-O-Mizer to obtain a 
fine powder having an average particle size of 1.2 
nm, determined by an apparatus for measuring 
particle size distribution by means of a centrifugal 
sedimentation method. The fine powder had a spe- 
cific surface area of 10.4 m^/g, determined by BET 
method, and the particle size calculated from the 
specific surface area was 89 nm. Observation by 
transmission electron microscope showed that the 
particles were colloidal particles having a square 
pillar shape with a primary particle size ranging 
from 50 to 150 nm. 



Embodiment 2 

400 grams of water was added to dilute the 
1171.0 grams of diantimony pentoxide sol (specific 

5 gravity of 1.198, SbzOs content of 18.4 wt.%) pre- 
pared in Production Example II. 77.44 grams of 
basic zinc carbonate (produced by the Sakai 
Chemical Industry Co. Ltd. and containing 70 wt.% 
when converted to ZnO) was added to the mixture 

10 and mixed under agitation for 3 hours at room 
temperature (25 ' C). The slurry contained 3.29 
wt.% of ZnO and 13.07 wt.%, of St>205 and exhib- 
ited a ZnO/Sb2 05 molar ratio of 1.0. The slurry was 
then dried by a spray dryer to obtain a dry powder. 

75 The dry powder was analyzed by X-ray diffrac- 
tometry, and it was found that the peak matched 
the peak of diantimony pentoxide hydrate 
(Sb2 05xH2 0). The dried powder was calcined at 
800 ""C in an electric furnace for 12 hours. The 

20 obtained white gray powder was analyzed by X-ray 
diffractometry, and it was confirmed that the peak 
matched the peak of zinc antimonate anhydride 
(ZnSb2 06). The powder was milled by a pin-disc 
mill to obtain a fine powder having an average 

25 particle size of 1.5 um, determined by an appara- 
tus for measuring particle size distribution by 
means of a centrifugal sedimentation method. The 
fine powder had a specific surface area of 20 mVg, 
determined by BET method, and the particle size 

30 thereof calculated from the specific surface area 
was 46 nm. Observation by transmission electron 
microscope showed that the particles were colloidal 
particles having a square pillar shape and a pri- 
mary particle size ranging from 30 to 100 nm. 

35 

Embodiment 3 

3711 grams of diantimony pentoxide sol 
(Sb2 05 content of 18.4 wt.%) prepared in Produc- 

40 tion Example 11 was diluted by adding 3400 grams 
of water. 220.9 grams of basic zinc carbonate 
(made by Sakai Chemical Industry Co. Ltd. and 
containing 70 wt.% when converted to ZnO) was 
added to the mixture under agitation. The mixture 

45 was further heated to 95 'C and agitated for 6 
hours to prepare a slurry. The slurry contained 2.1 1 
wt.% of ZnO and 9.31 wt.% of SbaOs, and exhib- 
ited a ZnO/Sb2 05 molar ratio of 0.90. The slurry 
was then evaporated in a hot air circulation dryer at 

50 1 50 " C to obtain a dried product. The dried product 
was powdered in a mortar and calcined in an 
electric furnace at 620 'C for 12 hours to obtain a 
bluish green powder. The powder was analyzed by 
X-ray diffractometry. and it was found that the peak 

55 thereof matched the peak of zinc antimonate anhy- 
dride (ZnSb2 06)). The powder had a specific sur- 
face area of 35 m^/g. determined by BET method, 
and the particle size calculated from the specific 
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surface area was 26 nm. Observation by transmis- 
sion electron microscope showed that the particles 
were colloidal particles having a square pillar shape 
and a primary particle size ranging from 20 to 50 
nm. 

Embodiment 4 

3711 grams of diantimony pentoxide sol 
(Sb2 05 content of 18.4 wt.%) prepared in Produc- 
tion Example II was diluted by adding 3400 grams 
of water. 280.7 grams of basic zinc carbonate (pro- 
duced by the Sakai Chemical Industry Co., Ltd. 
and containing 70 wt.% when converted to ZnO) 
was added to the mixture under agitation. The 
mixture was further heated to 95 "C and agitated 
for 4.5 hours to prepare a slurry, which contained 
2.66 wt.% of ZnO and 9.24 wt.% of Sb2 0s and 
exhibited a ZnO/Sb205 molar ratio of 1.14. The 
slurry was then evaporated in a hot air circulation 
dryer at 150*C to obtain a dried product. The dried 
product was powdered in a mortar and fired in an 
electric furnace at 620 *C for 12 hours to obtain a 
bluish green powder. The powder was analyzed by 
X-ray diffractometry, and it was found that the peak 
matched the peak of zinc antimonate anhydride 
(ZnSb2 06)). The powder had a specific surface 
area of 30 m^/g, determined by BET method, and 
the particle size calculated from the specific sur- 
face area was 31 nm. Observation by transmission 
electron microscope showed that the particles were 
colloidal particles having a square pillar shape and 
a primary particle size ranging from 20 to 70 nm. 

Embodiment 5 

3600 grams of diantimony pentoxide sol 
{Sb2 05 content of 18.4 wt.%) prepared in Produc- 
tion Example II was diluted by adding 3000 grams 
of water, 238.1 grams of basic zinc carbonate (pro- 
duced by the Sakai Chemical Industry Co., Ltd. 
and containing 70 wt.% when converted to ZnO) 
was added to the mixture under agitation. The 
mixture was further heated to 100°C and agitated 
for 11 hours to prepare a slurry, which contained 
2.44 wt.% of ZnO and 9.69 wt.% of Sb2 05 and 
showed a ZnO/SbzOs molar ratio of 1.0. The slurry 
was filtered by suction, followed by water rinsing to 
obtain a wet cake. The wet cake was then evap- 
orated in a hot air circulation dryer at 150'C to 
obtain a dried product. The dried product was 
powdered in a Henschel mixer to prepare a pow- 
der, which was analyzed by X-ray diffractometry, 
finding that the peak thereof matched the peak of 
diantimony pentoxide hydrate (Sb2 05xH2 0) and 
exhibited no other peaks. The obtained powder was 
calcined in an electric furnace at 630 'C for 13 
hours to prepare a bluish green powder. The pow- 



der was analyzed by X-ray diffractometry, and it 
was found that the peak thereof matched the peak 
of zinc antimonate anhydride (ZnSb206). The 
molding press-formed the powder under 100 

5 kg/cm^ pressure was indicated conductivity with a 
specific resistivity of 100 Ocm. The 118 grams of 
powder was added to 400 grams of water and 
dispersed with glass beads (2-3 mm in diameter) in 
a ball mill for 96 hours, whereafter the glass beads 

10 were separated to obtain an aqueous sol of 1131.2 
grams, consisting of particles having a crystalline 
structure of zinc antimonate anhydride. The ob- 
tained aqueous sol was concentrated to 522 grams 
in a rotary evaporator. The obtained concentrated 

75 aqueous sol had a transparent bluish green color 
and a specific gravity of 1 .228, a pH value of 8.32, 
viscosity of 2.0 c.p., conductivity of 411 us/cm. and 
ZnSb2 0s content of 22.6 wt.%. The sol was stable 
for one month at a temperature of 50 'C. The sol 

20 was observed under a transmission electron micro- 
scope (refer to FIG. 1) and exhibited a primary 
particle size in a range of from 10 to 50 nm. A 
photometer for measuring particle size distribution 
by means of a light-scattering method showed the 

25 particle size to be 97.5 nm, and an apparatus for 
measuring particle size sedimentation by a centri- 
fugal sedimentation method measured the particle 
size as 70 nm. The specific surface area of the 
dried product of the sol measured by BET method 

30 was 37.6 m^/g, and the particle size calculated 
from the specific surface area was 25 nm. 

Embodiment 6 

35 Diantimony pentoxide sol prepared in Produc- 

tion Example II was dried by a spray drier. 385.6 
grams of the dried diantimony pentoxide (contain- 
ing 90 wt.% of Sb2 05) was mixed with 125.2 grams 
of basic zinc carbonate (produced by the Sakai 

40 Chemical Industry Co., Ltd. and containing 70 wt.% 
when converted to ZnO) in a V-shaped mixer for 30 
minutes. The mixture had a ZnO/Sb2 05 molar ratio 
of 1 .0. The mixture was then calcined in an electric 
furnace at 700 'C for 8 hours to obtain a white 

45 powder, which was analyzed by X-ray diffractome- 
try, confirming that the peak matched the peak of 
zinc antimonate anhydride (ZnSb2 06). The powder 
was milled in a pin-disc mill to obtain a fine powder 
having an average particle size of 1.2 um (deter- 

50 mined by an apparatus for measuring particle size 
distribution by means of centrifugal sedimentation). 
150 grams of the fine powder was added to 450 
grams of water and dispersed with glass beads (2- 
3 mm in diameter) in a ball mill for 120 hours. 

55 Then the glass beads were separated to obtain an 
aqueous sol of 1300 grams consisting of particles 
having a crystal structure of zinc antimonate anhy- 
dride. The obtained aqueous sol had a white color 
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and a specific gravity of 1.100, a pH value of 5.58, 
viscosity of 3.1 c.p.. conductivity of 1450 us/cm, 
and ZnSbaOs content of 11.5 wt.%. The sot was 
observed by a transmission electron nntcroscope 
(refer to FIG. 3), confirming a primary particle size 
in a range of from 20 to 100 nm. A photometer for 
measuring particle size distribution by means of a 
light-scattering method indicated a particle size of 
432 nm, and an apparatus for measuring particle 
size distribution by means of a centrifugal sedi- 
mentation method indicated a particle size of 280 
nm. The sol exhibited a specific surface area of 25 
m^/g, determined by BET method, and the particle 
size calculated from the specific surface area was 
37 nm. 

Comparative Example 1 

The pre-calcined powder prepared in Embodi- 
ment 2 was calcined in an electric furnace at 
450 *C for 15 hours to obtain a yellow powder. The 
powder was observed by X-ray diffractometry, con- 
firming that the peak thereof matched the peak of 
diantimony pentoxide (SbaOs), and no generation 
of zinc antimonate anhydride was observed. 

Comparative Example 2 

The diantimony pentoxide sol (Sb2 05 content 
of 18.4 wt.%) prepared in Production Example II 
was diluted with 400 grams of water. 54.2 grams of 
basic zinc carbonate (made by the Sakai Chemical 
Industry Co., Ltd. and containing 70 wt.% when 
converted to ZnO) was added to the mixture under 
agitation. The mixture was agitated at 95 'C for 6 
hours to prepare a slurry, which had a ZnO content 
of 2.33 wt.%, SbgOs content of 13.3 wt.%, and 
ZnO/Sb2 05 molar ratio of 0.70. The slurry was 
evaporated in a hot air circulation drier at 150* C to 
obtain a dried product. The dried product was 
pulverized in a mortar and calcined In an electric 
furnace at 800 'C for 12 hours to obtain a white 
gray powder. The powder was analyzed by X-ray 
diffractometry, indicating peaks of zinc antimonate 
anhydride (ZnSb2 0&) and diantimony tetroxide 
(Sb2 04), generated by deoxidation of excess dian- 
timony pentoxide, and confirming that the product 
is a mixture of these two compounds. 

Comparative Example 3 

58.8 grams of Diantimony trioxide (a commer- 
cial product of Lucette Inc., grade white, specific 
surface area of 1.0 m^/g determined by BET meth- 
od, primary particle size of 0.6 um) was mixed with 
16.3 grams of zinc oxide (made by the Sakai 
Chemical Industry Co., Ltd., Zinc white No. 1, spe- 
cific surface area of 4.2 m^/g determined by BET 



method, primary particle size of 0.5 um) in a 
mortar. The mixture was calcined in an electric 
furnace at 700 'C for 12 hours to obtain a partly 
sintered white gray powder. The powder was ob- 
5 served by X-ray diffractometry and it was found 
that the peak matched the peak of zinc antimonate 
anhydride (ZnSb2 06). However, the specific surface 
area of the powder determined by BET method 
was 1.0 m^/g, and the primary particle size Cai- 
ro culated from the specific surface area was 920 nm. 

The particle of this invention is fine particle 
having a primary particle size in a range of from 5 
to 500 nm, and the fine particle has a ZnO/Sb2 05 
molar ratio in the range of from 0.8 to 1.2 and a 
75 crystal structure of zinc antimonate anhydride 
(ZnSb2 06). 

The zinc antimonate anhydride of this invention 
functions as a flame retardant originating from dian- 
timony pentoxide. When the zinc antimonate anhy- 

20 dride is used with an organic halide along with an 
olefin resin such as polyethylene and poly- 
propylene, styrene resin such as polystyrene, anti- 
shock polystyrene, acrylonitrile-styrene resin, and 
acrylonitrile-butadiene-styrene resin (ABS resin), 

25 acrylic resin, polycarbonate, polyester such as 
polyethyleneterephthalate and polybutylenetereph- 
thalate, polyacetal, polyphenyleneoxide, polysul- 
fone, thermoplastic resin such as polyamtde, epoxy 
resin, phenol resin, thermosetting resin such as 

30 unsaturated polyester resin, and polyurethane res- 
in, or when the zinc antimonate anhydride is added 
to halogen-containing vinyl resin, modacrylic fiber, 
or polyvinylchloride fiber, these resins become 
flame retardant materials. 

35 In addition, the particle of this invention func- 

tions as a smoke suppressant originating from zinc 
oxide for halogen-containing resin. Since the par- 
ticle of this invention has electrical conductivity, 
they can be used as an antistatic agent of plastic 

40 forms and films, plastic fibers, glass, and papers. In 
particular, since the sol consisting of the particles 
of this invention has high transparency, it can be 
used as a transparent antistatic agent, a hard coat 
agent of high reflective index, or anti-reflection 

45 agent when used along with a part-hydrolyzed liq- 
uid of silane coupling agent, hydrolyzed liquid of 
ethylsilicate or methylsilicate, or mixed with a resin 
emulsion or ultraviolet curing resin. Since the sol 
has electrical conductivity, it can be used as an 

50 electrical viscous fluid by dispersing it into silicone 
oil or the like. It can also be used as a ceramic 
resistor. The particle of this invention has a primary 
particle size in the range of from 5 to 500 nm, and 
in particular the sol thereof has a dispersion char- 

55 acteristic very close to individual primary particle. 
Accordingly. the sol can be used as a surface 
treating agent for metals, particularly as a corrosion 
inhibitor for zinc-coating steel sheets when mixed 
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with chromium chromate aqueous solution, or an 
organic resin liquid, and as a micro-filler for oxide 
dispersion zinc coating. The sol is also applicable 
as a treatment agent for papers and fibers, and as 
a non-flammable paint. The particle of this inven- 
tion is also used as a micro-filler for composites of 
metals, plastics, and ceramics. 

Claims 

1, A particle having a ZnO/Sb2 05 molar ratio in a 
range of from 0.8 to 1.2, having a crystal 
structure of zinc antimonate anhydride 
(ZnSb2 05), and having a primary particle size 
in a range of from 5 to 500 nm. 

2. A stable sol of particles having a ZnO/Sb2 05 
molar ratio in a range of from 0.8 to 1 .2, having 
a crystal structure of zinc antimonate anhy- 
dride (ZnSb2 05), and having a primary particle 
size in a range of from 5 to 500 nm. 

3, A method for producing particles having a 
ZnO/Sb2 05 molar ratio in a range of from 0.8 
to 1.2, having a crystal structure of zinc an- 
timonate anhydride (ZnSb2 06), and having a 
primary particle size in a range of from 5 to 
500 nm, comprising the steps of: 

mixing a zinc compound with a colloidal 
antimony oxide at a ZnO/Sb2 05 molar ratio in 
a range of from 0.8 to 1 .2; and 

thereafter calcining the mixture within a 
temperature range of from 500 to 1 1 00 " C. 

4. A method for producing electric conductive 
particles as claimed in claim 3, wherein the 
calcining is conducted within a temperature 
range of from 500 to 680 • C for 2 to 20 hours. 



oxide, zinc carbonate, basic zinc carbonate, 
zinc nitrate, basic zinc nitrate, zinc chloride, 
basic zinc chloride, zinc sulfate, basic zinc 
sulfate, zinc formate, zinc acetate, zinc oxalate, 
5 and basic zinc oxalate, is used. 

8. A method for producing particles as claimed in 
Claims 3,4,6 or 7 wherein an antimony oxide 
having a primary particle size of 300 nm or 

70 less is used as the colloidal antimony oxide. 

9. A method for producing particles as claimed in 
any of Claims 3,4 and 6 to 8 wherein dian- 
timony pentoxide sol, diantimony pentoxide 

75 powder, diantimony trioxide powder, or a mix- 

ture thereof is used as the colloidal antimony 
oxide, having a primary particle size in a range 
of from 2 to 300 nm. 

20 10. A method for producing particles as claimed in 
Claims 3. 4 or 6 wherein zinc carbonate pow- 
der, basic zinc carbonate powder, zinc hydrox- 
ide powder or sol having a primary particle 
size of 500 nm or less, zinc oxide powder or 

25 so! having a primary particle size of 500 nm or 

less, or a mixture is used as the zinc com- 
pound and wherein diantimony pentoxide sol 
having a primary particle size in a range of 
from 2 to 300 nm is used as the colloidal 

30 antimony oxide. 

11. The use of a particle as defined in claim 1 in 
flame retardants for plastics, smoke suppres- 
sants, antistatic agents for plastics and glass, 
35 and resistors. 



5. A method for producing a stable sol containing 4o 
particles having a ZnO/Sb2 05 molar ratio in a 
range of from 0.8 to 1.2, having a crystal 
structure of zinc antimonate anhydride 
(ZnSb2 06), and having a primary particle size 
In a range of from 5 to 500 nm, comprising the 45 
step of wet pulverizing in a solvent the par- 
ticles prepared by the production method de- 
scribed in Claim 3. 



6. A method for producing particles as claimed in 50 
Claims 3 or 4 wherein at least one zinc com- 
pound selected from the group of zinc hydrox- 
ide, zinc oxide, zinc salt of inorganic acid, and 

zinc salt of organic acid, is used. 

55 

7. A method for producing particles as claimed in 
Claim 6, wherein at least one zinc compound 
selected from a group of zinc hydroxide, zinc 



8 



EP 0 686 600 A1 



Pig. 1 




EP 0 686 600 A1 




10 



EP 0 686 600 A1 



Fig. 3 




11 



EP 0 686 600 A1 




12 



European Patent EUROPEAN SEARCH REPORT '^""^ 

EP 94 10 8960 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with imtication, where appropriate, 
of rctevaot passages 



Relevant 

to t 



CLASSIFICATION OF THE 
APPUCAT10N ant.CL6) 



A 

A 
A 

D.A 



CHEMICAL ABSTRACTS, vol. 87, no, 14. 
3 October 1977, Columbus, Ohio. US; 
abstract no, 110771, 
GEDAKYAN 
page 578 ; 

* abstract * 

& IZV. AKAD. NAUK. SSSR, NEORG. MATER., 
vol.13, no. 7, 1977 
pages 1282 - 1284 

EP-A-0 431 284 (ASEA BROWN BOVERI) 

* column 2 - column 3 * 

FR-A-2 114 931 (AMERICAN CYANAMID CO) 

* page 2 * 

DE-A-24 07 677 (SERGUNKIN) 

* page 9 - page 12 * 

DATABASE WPI 

Derwent Publications Ltd., London, GB; 
AN 92-019387 

& JP-A-3 267 143 (NISSAN CHEM IND) 

* abstract * 



C01G30/02 



1,2.11 
1.11 
3,4,11 
3.6,7 



TECHNICAL FIELDS 
SEARCHED ([nt.Cl.6) 



COIG 
COIB 



The present search report has been drawn up for all claims 



Fimm of M«k 

THE HAGUE 



28 October 1994 



LIBBERECHT, E 



CATEGORY OF CITED DOCUMENTS 

X : particnUrty relevutt If okcn alone 

Y : particsUrly rdeviiit if conbiaed with another 

iocuaeat of tbc saxae categoiy 
A : taduu^oglcal backgroaad 
O : ooo-writtoD ^isdosnre 
P : itttenaediat* docnmcnt 



T : thaory or priodpla uadatiying tb« invcatioo 
E : earlier patent docamcnt, but published on, or 

attm lb* flUns tau 
D : docuiaat dted la th« applkaticm 
L : docuracDt cit«d for other rcasces 



4k : laflDiber of the same patent fually. comspaaiin% 



